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. FOREWORD This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Welding General Sectional Committee had been approved by the Metallurgical Engineering Division Council. Owing to the development of arc temperatures of the order of 4 000 "C, a suitable material with high melting point is required to be used for the manufacture of electrodes for inert gas shielded arc welding. The u electrodes should also be a non-consumable. Tungsten meets these requirements. Besides its high melting point, tungsten metal provides an additional advantage of high thermo-ionic emission for making such electrodes. This standard covers the requirements of such pure tungsten electrodes. Addition of substances like thoria ( ThOs ), zirconia ( ZrOs ), lanthanum oxide (.LaOs ) and cerium oxide ( CeO, ) activates the electron emission. The amounts of these oxides may vary from 0 3 to 4 percent depending on the element. These dopes are responsible for increasing the usable life of the electrodes, because of their high electron emission, bettc r arc starting and arc stability. In addition, the welds have a greater resistance to tungsten contamination. Given similar diameters, electrodes containing oxides can take a higher current than pure tungsten ones lower diameter electrodes therefore may be used. This standard keeps in view the manufacturing and trade practices being followed in the country in this field. Assistance has also been derived from the following: a) IS0 6848 : 1984 Tungsten electrodes for inert gas shielded arc welding and for plasma cutting and welding - Codification. b) JIS-Z-3233 Tungsten Electrode for TIG Welding. c) AWS 5 112 Specification for tungsten m-c welding electrodes ( non-consumables ), Guidelines for the selection of appropriate grade of tungsten electrodes for a particular given in Annex A. application has been

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 1960 `Rules for rounding off numerical values ( revised )`. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.
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Indian Standard

TUNGSTEN ELECTRODES FOR INERT GAS . SHIELDED ARC WELDING AND FOR PLASMA CUTTING AND WELDING - SPECIFICATION
1 SCOPE 1.1 This Indian Standard lays down the requirements for non-consumable type tungsten electrode used in Gas Tungsten Arc Welding ( GTAW ), plasma cutting and welding process. Hereafter tungsten electrode will be referred to as electrode in this specification. 2 MANUFACTURE 2.1 The electrodes shall be manufactured by any method that will yield the product conforming to the requirements of the specification. 3 COMPOSITION 3.1 Tungsten electrodes may contain oxide additives to improve the emission characteristics. The chemical composition of these electrodes shall be in accordance with the requirements given in Table 1. Table 1 Codification, 3.1.1 The chemical analysis shall be done by the established procedure, as mutually agreed.
NOTE - Until an Indian Standard on analysis of Tungsten, Thoria and Zirconia is formulated, a reference be made to JIS-M 1401. 4

DESIGNATION tungsten electrodes is composition in accor-

4.1 The codification of based on their chemical dance with Table 1.

a) the first letter indicates `electrode'. b) the second element. letter indicates the primary

c) the third letter indicates the oxide additives, the letter selected is the initial of the element name; the following number is the mean oxide content multiplied by 10. and Identification Colour

Chemical Composition

( Clauses 3.1 and 5 4.1 )
Codlflcation r-------_-___`____-h---------Composition -v---y Identification Coloar 2

Oxide Additive 1 r -------*_-_---~ Percent cm/m Nature E-WP E-WTh E-WTh E-WTh E-WTh E-WTh E-WZ E-WZ E-WL E-WC NOTES 3 8 10 20 4 10 20 30 40 u-35 to o.ii5 0'80 to 1'20 1'70 to 2'20 2'80 to 3.20 3'80 to 4'20 0'15 to 0'50 0'70 to 0'90 0'90 to 1.20 1'80 to 2'20 ThOz ThOs ThOa ThOs ThOs ZrOs ZrOs Lao, CeOs

Impurities, Percent ( m/m ) 0'20 0'20 0'20 0.20 0'20 0.20 0'20 0'20 0'20 0'20

Tungsten, Percent ( m/m ) 99'8 Balance ,. ,I ,, ,, 2, ,* ,, ,, Green Blue Yellow Red Violet Orange Brown White Black Grey

but the so called composite electrodes1 The oxide additives are generally finally dispersed in the tungsten matrix, are made up of a pure tungsten core with an oxide coating. This type of electrodes combines the qualities of pure tungsten with those of the tungsten containing oxides, but have the disadvantage that they cannot be tapered. 2 The composite electrodes shall be identified by a second, pink ring.

1

IS 13007: 1991 5 REQUIREMENTS 5.1 Appearance
The electrodes ties, inclusions 5.2 shall be free from surface impuriand shall have ground finish.

5.4 Tests 5.4.1 Chemical
shall Table 5.4.2 ground It shall conform 1. Drop Test when subjected to composition of the to the requirements electrodes given in

Ground `Finish'

That electrodes which has been centreless to a uniform size having close tolerances. be supplied with a bright polish. 5.3

The electrodes shall not break drop test as described below:

Electrodes Sizes

The electrodes of 3.2 mm or less in diameter shall .be dropped from the height of one metre and that of 4-O mm and above from the height of 50 cm. The electrode under test, in both the cases shall be held `n' horizontally and shall be dropped on to an iron plate of approximately 10 mm thickness. This test shall identical samples. 5.5 be repeated three times for

5.3.1 Diameter
Diameters of electrodes shall be as follows: Diameter mm 0.5 1-o 1.6 2.5 3.2 4-o 5.0 6.3 5.3.2 Length lengths of electrodes shall be as follows: and tolerances *CL0 and tolerances Tolerance mm *0*05 ,9 thereupon

Arc Test

,,
,s ,,

The electrodes shall produce performance in either polarity in dc and ac applications as the case may be. Arc test, if agreed upon by the manufacturer and the customer may be carried out in accordance with A-5 of Annex A. 6 INSPECTION

,,

AND PACKING

6.1 Electrodes

Standard thereupon

shall be suitably packed so that the surface of the ground finished electrodes shall not be damaged during handling and transport. 6.2 Each bundle or package of electrodes shall be clearly marked with the following information: of the source of manufacturer; a) Indication Batch number and manufacturing date; b) C) Electrode grade and colour code; d) Size of electrode ( diameter and length e> Current range; and f > Quantity in numbers. to 6.2.1 The bundle or package of electrodes also be marked with the Standard Mark. may );

Standard Length mm 50 75 150 175 5.3.3 Straightness

Tolerance mm f1.5 fl.5 f2.0 *2*0

The electrodes shall be reasonably straight that they can be adjusted freely during use.

ANNEX ( Foreword
SELECTION A-l
For

A

and Clause 4.5 )
ARC WELDING ELECTRODES
for a given

OF TUNGSTEN

GENERAL
the selection of electrodes in a proper

manner, prior to use and acceptance particular applications, guidelines as hereinunder may be followed. 2

IS 13007 : 1991 A-2 CLASSIFICATION .RECOMMENDATIONS A-2.1 Refer Table
composition for: E E-Th where

AND

.

1 for codification/chemical various symbols used stand

Grinding of electrodes shall be done with a very fine grit wheel and the wheel shall not be used for any other purpose. Pointed end electrodes are ideal for welding in restricted area, such as narrow joints. Other types of tungsten tip preparation may be suitable for different application.

Electrode Thoriated tungsten electrode [ Th indicates Thoria ( ThOs = Oxide of Thorium ] )

E-WZ-

Zirconated tungsten electrode [ Z indicates Zerconia ( ZrOs ) = Oxide of Zirconia ] Lanthanium [ L indicates ( LaOs ) tungsten electrode Lanthanium Oxide [ C indicates FIG. 2 HALF BALLED ELECTRODE TIP A-3.1.2 In case of ac welding, most desirable ( Fig. 2 ). A-3.1.3 Pure either partly ( Fig. 3 ). A-4 Selection Electrode tungsten or fully half ball shape is

E-WL-

1

E-WCA-2.2

Cerium Cerium EWTh-1

tungsten electrode Oxide ( CeOs ) ]

AND EWTh-2 Electrodes

electrode shall be used with hemispherical ends

Thoria content is evenly distributed through entire length. Electrodes may also be manufactured with enriched thoria embedded segment form throughout its length, the average of thoria being as given in Table 1. The thoria in all classes is responsible for increasing the usable life of these electrodes over to EWP electrodes because of their higher electron emission, better arc starting and arc stabiiity, high current carrying capacity, generally longer life, and greater resistance to contaminatron. .A-2.3 EWTh-30

of

Current

for
for

Various

Some typical current ranges electrodes are given in Table 3. A-5 A-5.1 ARC TEST PROCEDURE

tungsten

Test Plate

and l!@Th

40 Electrodes
However can

This is primarily for ac welding. also be used for dc application. A-2.4 E-WZ

A test plate shall be made of low carbon steel of known composition and butt joints shall be prepared as shown in Fig. 4. A-5.2 After tungsten tip is prepared as recommended in A-3.1, the following procedure shall be followed:

These electrodes are preferred for application where tungsten contamination of the weld must be minimized. These electrodes perform well when used with ac due to the fact that they retain a balled end during welding and have a high resistance to contamination. A-3 ELECTRODE SHAPE for Electrode Tip shaped

9

It shall be accurately suitable

weighed; purging fixture shall

ii) For welding, be used;

A-3.1 Recommendation Shapes Electrodes depending

iii) Shielding and purging argon gas of 99.993 Min, purity shall be used; iv) Welding type; v) For initiation of arc, use of high frequency unit is recommended; vi) Welding shall be carried out in flat ( 1G ) position by an experienced TIG Welder; vii) Welding parameters shall be in accordance with Table 3 of this specification; Argon gas flow shall be Purging: LPM, Shielding: 9-12 LPM. lo-20 torch shall be of water cooled

tips properly shall have upon the application.

A-3.1.1 In case of DCSP, the best shape for the electrode tip is a taper with a sharp point on the end ( Fig. 1 ).

SHARP

POINT~

viii)

Fro

1

SHARP POINT ELECTRODE TIP 3

i

PARTLY HEM'SPHE

yr

FULLY HEMlSPHEy

.
Fro. 3 HEMISPHERICAL ELECTRODE TIP

Table 3 Recommended

Current Ranges Depending on the Electrode Diameter ( Clause A-4 )
Direct Current Electrode Positive (-f) ~--_--*--_-~-~ Pure Tungsten with oxide tungsten additives
1

Electrode diameter

Y

mm
0'5 1'0 1'6 2 2'5 3.2 4 5 6'3 8 10

Electrode Negative (-1 c-----* ____ ~ Pure Tungsten with oxide tungsten additives 2- 20 lo75 2- 20 lo75

Alternative ~-----_*-__---~ Pure Tungsten

Current Tungsten with Oxide Additives

2- 15 15- 55 lo- 20 15. 25 17- 30 20- 35 35- 50 50- 70 65-100 lo- 20 15- 25 17- 30 20- 35 35- 50 50- 70 65-100 45- 90 65-125 80-140 150-190 180-260 240-350 300-450

2- 15 15- 70 60-125 85-160 120-210 150-250 240-350 330-460 430-575 650-830

40-130 75-180 130-230 160-3 10 275-450 400-625 550-875

60-150 100-200 170-250 225-330 350-480 500-675 650-950

L = Length

: 200 mm

W = Width : 175 mm I = Thickness : 8 to 10 mm G = Gap : 2'0-2.5 mm RF = Root Face Included NOTES I 2 A suitable purging fixture shall be provided. Proper clamping arrangement shall be done. TEST PLATE ASSEMBLY FOR WELDING

: 0'5-1'0 mm

angle 70".

FIG. 4

4

IS 13007: 1991 A-5.3 After welding, plate shall be subjected to radiography and the tungsten electrode shall be weighed accurately. A-5.4
Acceptance Standard

A-5.4.2 Loss in weight of the electrode shall not be more than 10 mg for an arc time of 20 minutes. A-5.5 In case of tungsten pick-up is observed, the test shall be repeated two times and both the plates should show no tungsten pick-up in `RT'.

A-5.4.1 Radiography tungsten pick-up.

shall

not

indicate

any

stamdard Mark
covered by an Indian Standard conveys the assurance that they have been produced to comply with the requirements of that standard under a well defined system of inspection, testing and quality control which is devised and supervised by BIS and operated by the producer. Standard marked products are also continuously checked by BIS for conformity to that standard as a further safeguard. Details of conditions under which a licence for the use of the Standard Mark may be granted to manufacturers or producers may be obtained from the Bureau of Indian Standards. The use of the Standard Mark ir governed by the provisions of the Bureau of Indian Stmdardr Act, 1986 and the Rules and R,egulations made thereunder. The Standard Mark on producta

.
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BIS is a statutory institution established un&er the Bumm of Indian Standards Act, 1986 to promote harmonious development of the activities of standardization, marking and quality certification of goods and attending to connected matters in the country. Copyrigh*
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BIS has the copyright of all its publications. No part of these publications may be reproduced in any form without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to copyright be addressed to the Director ( Publications ), BIS. _&. _ .&; -...,.__# Revision of Indian Standards i_" Indian Standards are reviewed periodically and revised, when necessary and amendments, if any, are issued from time to time. Users of Indian Standards should ascertain that they are in possession of the Comments on this Indian Standard may be sent to BIS giving the latest amendments Or edition. following reference: Doc:No.MTD 11 (2797)
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